was the only predictor of hospitalization. Patients with levels <3.8 g/dL had a density ratio for incidence of hospitalization 2.47 times greater than those with higher levels (p=0.003). Gender was a modifier of the effect (p interaction=0.042), with an effect in women of 7.31 (95%CI=2. 34-22.9 ; p=0.001) and in men of 1.37 (95%CI=0.60-3.12; p=0.448).
Conclusion
Serum albumin was able to predict the risk of hospitalization over a period of two years in female patients undergoing hemodialysis.
Keywords: Albumins. Hospitalization. Malnutrition. Nutritional assessment. Renal dialysis.
R E S U M O

Objetivo
Verificar a capacidade preditiva de indicadores nutricionais em relação ao risco de hospitalização em pacientes em hemodiálise. (p interação=0,042) , com efeito em mulheres de 7, 31 (IC95%=2, 9 ; p=0,001) e em homens de 1, 37 (IC95%=0, 12; p=0, 448) .
Métodos
Estudo de coorte prospectivo em duas unidades de hemodiálise no Sul do Brasil. Os indicadores nutricionais avaliados foram: avaliação subjetiva global, escore de desnutrição-inflamação, rastreamento de risco nutricional 2002, percentual de gordura corporal, circunferência muscular do braço, força do aperto da mão, ângulo de fase e albumina sérica. Foi analisada a associação entre indicadores nutricionais e risco de hospitalização no período de dois anos.
Resultados
Foram avaliados 138 pacientes (55.4±15.2 anos), sendo 61.6% homens. A incidência cumulativa de hospitalização foi 48.0% (IC95%=37,9-58,0). Os pacientes hospitalizados durante o período do estudo apresentaram maior índice de massa corporal e menores valores de albumina sérica em comparação aos não hospitalizados. Com base nos outros indicadores, pacientes desnutridos não apresentaram risco significativo de hospitalização (p>0,05). Albumina sérica foi o único preditor de hospitalização; pacientes com níveis <3,8 g/dL apresentaram taxa de densidade de incidência de hospitalização 2,47 vezes maior do que aqueles com níveis mais elevados (p=0,003). Sexo foi um modificador do efeito
Conclusão
A albumina sérica foi capaz de prever o risco de hospitalização no período de dois anos, em pacientes do sexo feminino em hemodiálise.
Palavras-chave: Albuminas. Hospitalização. Desnutrição. Avaliação nutricional. Diálise renal.
I N T R O D U C T I O N
Hemodialysis is the most common renal replacement therapy among patients with Chronic Kidney Disease (CKD), and worldwide use is increasing by approximately 7% a year 1 . Among the complications presented by these patients, malnutrition has a 90% prevalence 2 . The term protein-energy wasting specifically refers to a reduction in protein and fat mass in patients with CKD 2 .
Malnutrition is associated with a series of serious complications, such as infections, cardiac insufficiency, reduction in protein synthesis, and impaired wound healing 3 , and it increases the hospitalization rates in hemodialysis patients 4 . Malnourished patients have 45% longer hospital stays, and their treatment costs are on average 24% higher due to hospitalization than those of well-nourished patients 5 . Hemodialysis patients have hospitalization rates of up to 67% 6 , which reduces quality of life and indicates a poor prognosis 7 .
Thus, it is important to analyze the association between malnutrition and the risk of hospitalization in hemodialysis CKD patients to identify the indicators associated with this risk and consequently, to enable early intervention, reducing the number of hospitalizations. Few researchers have analyzed this association 6, [8] [9] [10] [11] [12] , but not in Brazil. Furthermore, apparently no study has analyzed the eight indicators evaluated herein. Therefore, the aim of this study was to verify the ability of nutritional status indicators to predict the risk of hospitalization in hemodialysis patients.
M E T H O D S
A prospective cohort study was conducted at two nephrology clinics located in the south of Brazil. The study Protocol was approved by the local Research Ethics Committee (CAAE nº 14375113.8.0000.0121), and informed consent was obtained from each patient. The sample consisted of all male and female patients from the two nephrology clinics, recruited from April to August 2011, who agreed to participate in the study and met the inclusion criterion, which was: patients aged 19 years or more undergoing hemodialysis three times per week for at least three months. The exclusion criteria were: Body Mass Index (BMI) ≥34 kg/m²; amputated or atrophied limbs; presence of pacemaker, cancer, stroke sequelae, or acquired immunodeficiency syndrome; hepatitis carrier; inability to answer the questions; and hospital admission at the time of the evaluation.
Clinical and sociodemographic data were collected from clinical charts and through patient interviews. The data included: gender, age, apparent skin color, education level, marital status, hemodialysis start date, hemodialysis duration, causes of CKD, dialysis adequacy (Kt/V), comorbidities, transplants, and biochemical tests.
The patients' nutritional status was evaluated at baseline (between April and August 2011) after hemodialysis sessions using different indicators, and the hospitalization status of the patients was verified for 24 months. The subjective global assessment investigates the patient's clinical history and physical characteristics. They were then classified as A (well nourished), B (moderately malnourished or suspected of being malnourished) or C (severely malnourished) 15 . The patients in categories B and C were grouped together for the statistical analysis.
The malnutrition-inflammation score, developed specifically for dialysis patients, verifies weight gain, food intake, gastrointestinal symptoms, functional capacity, comorbidities, hemodialysis duration, subcutaneous fat, signs of muscle depletion, BMI, and biochemical tests 16 , and the cutoff point for malnutrition is ≥6.
The nutritional risk screening 2002, developed to determine the risk of malnutrition based on BMI, recent weight loss percentage, changes in food intake, and disease severity, has a cutoff point of ≥3 for nutritional risk 17 .
Rev. Nutr., Campinas, 29 (3) The phase angle was calculated from the resistance and reactance measured by bioelectric impedance analysis 20 minutes after the end of the hemodialysis session using a portable Biodynamics ® tetrapolar device (model 310e, Biodynamics Corporation, Seattle, Washington, United States). The cutoff point 18 was <6.4º.
Hand grip strength was measured on the fistula-free arm by a Saehan ® manual dynamometer (model SH 5001, Saehan Corporation -YangdeokDong, Masan, Korea), considering a cutoff point of 23.3 kg, as previously established for the study participants 18 .
Serum albumin, taken from the patients' medical charts, was determined by the bromocresol green method, and the patients were classified into two categories, <3.8 g/dL and ≥3.8 g/dL 2 .
Hospitalization was defined as any hospital stay lasting one night or more. The hospital admission day was counted as a complete day of hospitalization, but the hospital discharge day was not counted. The occurrence of hospitalization was verified over 24 months.
Hospitalization data were collected from the routine clinical records, including the occurrence of hospitalization (hospitalized or not) and the frequency of hospitalization (number of times the patient was hospitalized).
The data were analyzed by a data analysis and statistical software program Stata, version 11 for Windows (Stata Corporation, College Station, Texas, United States). The data were described as absolute and relative frequencies, and average and standard deviation or median and interquartile range based on data normality. The analyses included bivariate analysis, Chi-square, Student's t or Mann-Whitney association tests. Kaplan-Meier analysis and Cox regression were also performed (crude and adjusted). The following were considered possible confounders: gender, age, hemodialysis duration (in months), presence of diabetes Mellitus, and presence of systemic arterial hipertension, as they are the commonly used confounders in this type of study. The incidence density ratios (hazard ratio) were obtained from Cox regression analysis. The level of statistical significance was p<0.05.
R E S U L T S
Hemodialysis patients totaled 204. Of these, 138 (mean age of 55.4±15.2 years, 61.6% male) were evaluated at baseline, and 98 (mean age of 56.6±14.9 years, 61.2% male) remained until the end of the study or until hospitalization, as shown in Figure 1 . Those who refused to participate in the study did not differ from the rest of the sample in terms of mean age or gender distribution (p=0.62 and p=0.20, respectively).
The primary diseases that led to CKD were systemic arterial hipertension (36.2%), diabetes Mellitus (15.9%), glomerulonephritis (13.8%), and polycystic kidney disease (8.0%). The remainder was undetermined (26.1%).
During the planned monitoring period (24 months), 40 cases were terminated due to kidney transplant (45%), transfer to another dialysis center (25%), treatment changed to peritoneal dialysis (15%), or death (15%). The median monitoring duration for these subjects was 14.7 months (varying from 0.1-26.8 months), which was almost half the duration of those who completed the study (27.2 months, range 0.5-29.8 months). However, these subjects did not differ from those who completed the study in terms of mean age and gender distribution (p=0.132 and p=0.889, respectively). Revista de Nutrição http://dx.doi.org/10.1590/1678-98652016000300002
The density incidence of hospitalization was 21.9 per 100 persons at risk per year. The cumulative incidence of hospitalization during the study was 48.0% (95%CI=37.9-58.0). Of the hospitalized subjects, 66.0% (95%CI=57.4-73.8) were admitted only once, 21.3% (95%CI=14.5-28.8), twice, and 12.7% (95%CI=7.9-19.8), three times or more. The greatest frequency of hospitalization was five times (n=2). Table 1 shows the main clinical characteristics of the patients at baseline and a comparison of these parameters by hospitalization status. Of the hospitalized patients, women had significantly lower phase angle (p=0.015) and HGS (p=0.001) than men.
Hospitalized patients had higher BMI (difference between means 1.6, 95%CI =2.9-0.3) than those who were not hospitalized, with no difference in the percentage of body fat, mid-upper arm circumference or MUAMC.
Only albumin was significantly lower in hospitalized patients (difference between means 0.10, 95%CI=0.00-0.20; p=0.04). Approximately one-third of the patients had diabetes Mellitus or heart disease, and over 80% systemic arterial hipertension. These percentages were similar for hospitalized and nonhospitalized subjects.
In terms of dialysis parameters, the hemodialysis dose and duration were similar for hospitalized and non-hospitalized patients. Table 2 shows the prevalence of malnutrition at baseline according to each nutritional indicator. The lowest percentage stemmed from the Nutritional Risk Screening 2002, and the highest, from phase angle. Of all the study criteria, only the prevalence of malnutrition based on albumin level was higher in hospitalized patients. Based on percentage of body fat (cutoff point <10% for malnutrition), no individual was malnourished.
The Kaplan Meier graphs, which evaluated the association between hospitalization and malnutrition over 24 months, showed that albumin was the indicator with good differentiation and proportionality in the risk of hospitalization assessment (Figure 2 ) (p=0.003). Table 3 shows the results of the analyses (crude and adjusted) of each nutritional indicator and hospitalization incidence density.
Patients with serum albumin <3.8 g/dL had a 2.47 times higher hazard ratio of hospitalization than those with higher levels (p=0.003). Gender was a modifier of effect (p interaction=0.042), in the adjusted analysis the hazard ratio for hospitalization was 7.31 (95%CI=2.34-22.9) times higher in female patients with albumin levels <3.8 g/dL than in those with higher levels (p=0.001). For men, the corresponding hazard ratio was 1.37 (95%CI=0.60-3.12); however, this risk was not statistically significant (p=0.448). These differences can be observed in Figure 2 , which shows that women with albumin levels ≥3.8 g/dL have lower risk of hospitalization than their male counterparts, while women with albumin levels <3. 8 
Comorbidity
Diabetes Mellitus -n (%) Systemic arterial hipertension -n (%) Heart disease -n (%) 
Dialysis parameters Dialysis dose (Kt/V) §
Hemodialysis duration (months-median [IR]) Arteriovenous fistula -n (%)
Laboratory parameters
D I S C U S S I O N
In this study the prevalence of malnutrition varied from 27 to 69%, depending on indicator. Malnutrition can increase the hospitalization rates of hemodialysis patients 4 , so the patient's nutritional status has to be properly assessed by suitable indicators 19 to allow appropriate dietetic intervention. Almost half the patients were hospitalized at least once during the study period. Serum albumin was the only indicator capable of predicting risk of hospitalization, but this effect was modified by gender, so only capable in women.
The study variability in the prevalence of malnutrition has also been reported by another study 20 . This variation may stem from different cutoff points and nutritional indicators, which suggests that each indicator evaluates a different aspect of nutritional status, indicating the importance of using a set of indicators to evaluate hemodialysis CKD patients 21 .
During the two-year monitoring period, 48.0% of the patients were hospitalized at least once, and the maximum number of hospitalizations was five. The hospitalization incidence density during a period of one year was 21.9%. This percentage is similar to that found by a Thai study, in which 28.0% of the patients had been hospitalized at least once during a period of 12 months, and lower than that reported by a Taiwanese study (40.0%) 10 . The percentage of hospitalization of hemodialysis patients in North America varied from 51.0 to 67.0% 4, 9, 11, 22 . This difference may be due to the smaller sample size 21 and shorter hemodialysis duration 9,11 compared with this study. In most studies the sample's mean age and gender distribution were similar to those of this study, with mean ages varying from 54.5 to 59.4 years, and percentage of male patients varying from 53.0 to 62.0% 4, 9, 11, 22 . In addition, most studies monitored the patients for 12 months [9] [10] [11] [12] , but one monitored for 15 months 4 and another, for 18 months 22 .
Although the number of monitored patients decreased during the study, the median monitoring duration of the patients who did not finish the study was 14.7 months, that is, greater than the 12 months observed in other studies 9, 11, 12 . This type of research has common reasons for losses; for instance, in a French study the most common causes for not continuing treatment were kidney transplant (63%), transfer to another dialysis center (20%), and death (17%) 23 .
Serum albumin was the only indicator capable of predicting the risk of hospitalization in hemodialysis patients. The patients with albumin values <3.8 g/dL had a hospitalization density incidence 2.47 times greater than those with higher levels. Other studies in the United States 4, 9, 10, 24 , Germany 25 , Spain 26 , Australia 8, and Taiwan 10 also reported lower albumin levels in hospitalized hemodialysis patients.
The synthesis of albumin decreases during malnutrition 27 . However, this indicator may be associated with inflammation 28 because it is a negative acute-phase protein, and its synthesis is suppressed during inflammation regardless of nutritional status 29 . Therefore, the use of albumin for evaluating the nutritional status of renal patients is limited 27, 30 . Nevertheless, albumin is an important predictor of poor prognosis regardless of nutritional or inflammatory status. A serum albumin reduction of 1.0 g/dL significantly increased the chances of mortality (137%) and morbidity (89%), as well as the need of long-term intensive care (28%) or hospitalization (71%) 31 .
Furthermore, nutritional intervention increases serum albumin levels regardless of inflammatory status 32, 33 , and serum albumin increases of 0.2 g/dL or 0.4 g/dL reduce the risk of hospitalization by 25 and 41%, respectively, in hemodialysis patients 24 .
The hospitalization hazard ratio based on serum albumin was 7.31 for women and only 1.37 for men. No reports were found in the literature to explain this finding. This reflects the limitations of albumin measurements as markers of nutritional status. However, it also suggests that, in this population, albumin levels reflect fundamentally different clinical processes. One hypothesis in this regard is that the cut-off point for albumin may differ by gender. Thus, men may have a higher cutoff point (>3.8 g/dL) than women. Further studies are needed to explain this difference.
In relation to body composition, women had a higher percentage of body fat than men (35.4±0.9 and 30.8±0.7, respectively, p<0.001), and a lower percentage of fat-free body mass than men (64.5±0.9 and 69.2±0.7, respectively, p<0.001), as well as lower HGS than men (16.5±0.8 and 28.8±1.2, p<0.001), indicating smaller muscle mass.
No association between the other indicators and risk of hospitalization was found, even after adjusting for the confounders commonly used in similar studies.
The study SGA-related data were consistent with those of another study 12 , which found no association between this indicator and hospitalization rate. However, SGA has been significantly associated with the number, frequency, and length of hospitalization, or risk of first hospitalization event, although these studies had higher hemodialysis duration (in months) and monitoring duration 8, 16, 25 .
The cut-off points of studies where MIS was associated with risk of hospitalization 11, 12 differed from those of this study. MIS was either graded every 5 points in the form of a quartile or with a cutoff point of ≥8. A study of Thai patients 12 that used the same cutoff point as this study did not find an association with hospitalization, despite the longer hemodialysis duration (in months).
A German study of hemodialysis patients found that patients at nutritional risk according to the Nutritional Risk Screening 2002 experienced a significant increase in hospitalization frequency and length of hospital stay, and that phase angle was only capable of predicting hospitalization frequency 25 . This difference may be explained by the one-year longer monitoring duration of the study.
Although hand grip strength is a functional test, and the result may reflect loss of body proteins 34 , no association was found between HGS and risk of hospitalization. Studies that investigated this association in hemodialysis patients were not found.
One of the limitations of this study was the sample size, restricted to 138 patients, which reduced the capacity of the statistical analysis of some results. The absence of food intake assessment was also a limitation because protein-energy wasting could not be diagnosed. A lack of data on the causes of hospitalization limited the amount of information about the clinical conditions of the patient. In addition, the lack of C-reactive protein analysis meant that the inflammatory status of the patients was unknown. Although 15% of the patients refused to participate in the study and 29% were not monitored until the end of the study, the sample was representative of the source population, given that the mean age and gender distribution of these patients were similar to those of the participants who finished the study. Moreover, the time at risk was a cutoff point of the study because it considers the time for which each patient contributed to the study, which reduced possible errors associated with subjects who were not monitored until the end of the study. Thus, the data need to be used with more caution than those of other patients, necessarily considering the participants' sociodemographic profile and health conditions.
Given that distinct indicators relate to different aspects of nutritional status, using a set of indicators increases the accuracy of hemodialysis patient assessment. The study hospitalization rate was high, and the cumulative incidence of hospitalization during the study was 48%. The only indicator capable of predicting hospitalization was serum albumin, but only in women. This result is important as this indicator is included in routine exams. Thus, this factor should be considered in risk-of-hospitalization assessment, allowing early intervention to reduce the number of hospitalizations. However, the potential utility of other study indicators cannot be discarded because a larger sample and longer monitoring duration may provide significant results.
In conclusion hospitalization rate was high among the study patients, and albumin was a predictor of hospitalization in female hemodialysis patients.
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